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ERROR CANCELLATION IN A CURRENT
DIGITAL-TO-ANALOG CONVERTER OF A
CONTINUOUS-TIME SIGMA-DELTA
MODULATOR

RELATED APPLICATIONS

This application claims the benefit of U.S. provisional
Application Ser. No. 62/218,766, titled “CTSDM IDAC
Dynamic Error (ISI) Cancellation Technique,” filed on Sep.
15, 2015. The entire disclosure of the foregoing application
1s incorporated herein by reference.

BACKGROUND

Technical Field

The technology relates to circuitry and methods for can-
celling a source of error 1n a sigma-delta modulator that can
lead to conversion errors in analog-to-digital converters.

Discussion of the Related Art

Analog-to-digital converters (ADCs) are widely used 1n
various electronic apparatus and systems such as mobile
phones, audio equipment, i1mage-capture devices, video
equipment, communications systems, sensors and measure-
ment equipment, and radar systems, among other applica-
tions. A typical ADC 1s an electronic circuit configured to
receive an analog signal, which typically 1s a time-varying,
signal, repeatedly sample the analog signal at discrete time
intervals, and output a digital signal (e.g., a bit sequence or
digital word) for each sampled time interval that 1s repre-
sentative of a value of the analog signal during the sampling
interval. Because the output of an ADC 1s an N-bit sequence,
the analog signal is discretized into a number M=2" of
integer values. The number N 1s referred to as the bit
resolution of the ADC. For example, 11 a single-ended ADC
1s an 8-bit device, then an mput signal can be discretized into
2V=256 values (0, 1, 2,3 ... 255).

There are several types of conventional ADCs, and they
may be divided into two groups: ADCs with single-bit
quantization (e.g., a comparator) and ADCs with multi-bit
quantization (e.g., N-bit ADCs). Multibit quantizing ADCs
may 1nclude voltage-controlled-oscillator (VCO)-based
ADCs, sigma-delta ADCs, successive-approximation-regis-
ter ADCs, and flash ADCs, among others. The multibait,
sigma-delta ADCs are finding 1increasing use in wireless and

wireline commumnication systems. Although these types of
ADCs are slower than flash ADCs, for example, they are
capable of very high bit resolution and high conversion
accuracy. An aspect of a sigma-delta ADC 1s that its sigma-
delta modulator can introduce error into its output, which
can lead to inter-symbol mterference and signal conversion
CITOrs.

SUMMARY

Circuitry and methods associated with reducing a source
of error 1 sigma-delta modulators, for example, are
described. A sigma-delta modulator may include a current
digital-to-analog converter (IDAC) that includes one or
more switched current sources configured to drive one or
more analog outputs of the IDAC. The current sources may
have associated capacitances. The switching of the current
sources can generate current spikes on the output of the
IDAC. These current spikes can contribute to noise and
inter-symbol interference in a sigma-delta analog-to-digital
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2

converter 1n some cases. Compensating capacitors may be
connected to the current sources and driven with signals to
reduce the current spikes.

Some embodiments relate to a current digital-to-analog
converter (IDAC) comprising at least one of a first current
source arranged to provide current to a first output and a
second current source arranged to pull current from the first
output, at least one of a first compensating capacitor con-
nected to the first current source and a second compensating
capacitor connected to the second current source, and driv-
ing circuitry configured to supply current to the at least one
of the first compensating capacitor and the second compen-

sating capacitor.

Some embodiments relate to a current digital-to-analog
converter (IDAC) comprising a first current source arranged
to provide current to a first output and/or a second current
source arranged to pull current from the first output, a first
compensating capacitor connected to the first current source,
when present, and/or a second compensating capacitor con-
nected to the second current source, when present, and
driving circuitry configured to supply current to the first
compensating capacitor, when present, and/or the second
compensating capacitor, when present.

The first compensating capacitor and the second compen-
sating capacitor may be arranged to compensate for associ-
ated capacitances of the first current source and the second
current source.

The IDAC may further comprise a first switch located
between the first current source and the first output and a
second switch located between the first output and the
second current source. In some implementations, the IDAC
may further comprise a first switch and a second switch
arranged to mtermittently conduct current to and from the
first output.

The driving circuity may be configured to be switched to
receive and amplify, with an amplifier, a signal from the first
output with a same signal that controls the first switch.

The IDAC may be connected 1n a sigma-delta modulator,
wherein the sigma-delta modulator has a sampling fre-
quency and an operating bandwidth of the amplifier is
approximately equal to or greater than the sampling fre-
quency. The driving circuitry may comprise an amplifier
having a gain between approximately 1.5 and approximately
2.7.

The amplifier may comprises a {irst input connected to a
reference voltage and a second input connected to switches
that are arranged to connect the second input to either the
first output of the IDAC or a second output of the IDAC.

The amplifier may have an operating bandwidth between
approximately 2 GHz and approximately 4 GHz.

The IDAC may further comprise a second output, a third
switch connected between the first current source and the
second output, and a fourth switch connected between the
second output and the second current source. In some
implementations, the IDAC may comprise a second output,
a third switch, and a fourth switch arranged to conduct
current intermittently to and from the second output.

The first switch and the fourth switch may be configured
to be controlled by a same signal, and the second switch and
the third switch may be configured to be controlled by a
same signal.

The driving circuitry may include an amplifier that com-
prises a first mput connected to a reference voltage and a
second mput connected to switches that are arranged to
connect the second input to either the first output of the

IDAC or the second output of the IDAC.
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The second nput of the amplifier may connect to a fifth
switch that 1s configured to be controlled by a same signal
that controls the first switch and the fourth switch, and the
second input of the amplifier may connect to a sixth switch
that 1s configured to be controlled by a same signal that
controls the second switch and the third switch.

The IDAC may further comprise a summing node con-
nected to recerve the first output and an 1nput signal for
conversion, an integrator connected to receive an output
from the summing node, and a comparator having an 1nput
connected to receive an output of the integrator and an
output connected to an mput of the IDAC.

Some embodiments relate to a current digital-to-analog
converter (IDAC) comprising a first current source arranged
to provide current to or pull current from a first output, a first
compensating capacitor connected to the first current source,
a reference node arranged to connect the first output to a
reference potential, and driving circuitry configured to sup-
ply current to the first compensating capacitor.

The first compensating capacitor may be arranged to
compensate for associated capacitance of the first current
source.

In some aspects, the IDAC may further comprise a first
switch located between the first current source and the first
output and a second switch located between the first output
and the reference node.

In some cases, the driving circuity may be configured to
be switched to receive and amplify, with an amplifier, a
signal from the first output with a same signal that controls
the first switch.

In some implementations, the IDAC may be connected in
a sigma-delta modulator, wherein the sigma-delta modulator
has a sampling frequency and an operating bandwidth of the
amplifier 1s approximately equal to or greater than the
sampling frequency.

The driving circuitry may comprise an amplifier having a
gain between approximately 1.5 and approximately 2.7.

In some mmplementations, the IDAC may further com-
prise a second output, a third switch connected between the
first current source and the second output, and a fourth
switch connected between the second output and the refer-
ence node.

Some embodiments relate to methods for converting a
digital signal to an analog signal. A method may comprise
acts of driving a first switch connected between a first
current source and a {first output with a first signal, ampli-
tying a signal from the first output when the first switch 1s
driven to connect the first current source and the first output,
and providing the amplified signal from the first output to a
first compensating capacitor connected to the first current
source.

A method for converting a digital signal to an analog
signal may further comprise driving a second switch con-
nected between the first output and a second current source
with a second signal, and providing an inverse of the
amplified first signal from the first output to a second
compensating capacitor connected to the second current
source.

The act of amplifying may comprise amplitying the first
signal with a gain between 1.5 and 2.7.

A method for converting a digital signal to an analog
signal may further comprise selecting a capacitance of the
first compensating capacitor to be essentially equal to an
associated capacitance of the first current source that is
connected 1n parallel with the first current source.

A method may further comprise driving a third switch
connected between the first current source and a second
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output with the second signal, and driving a fourth switch
connected between the second output and the second current
source with the first signal.

A method for converting a digital signal to an analog
signal may further comprise amplifying a second signal
from the second output when the second switch 1s driven to
connect the second current source and the first output, and
providing the amplified second signal from the second
output to the first compensating capacitor and an inverse of
the amplified second signal to a second compensating
capacitor connected to the second current source.

A method may further comprise providing a signal from
the first output to a summing node of a sigma-delta modu-
lator.

The foregoing apparatus and method embodiments may
be included 1n any suitable combination with aspects, fea-
tures, and acts described above or in further detail below.
These and other aspects, embodiments, and features of the
present teachings can be more fully understood from the
following description in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The skilled artisan will understand that the {figures,
described herein, are for 1llustration purposes only. It 1s to be
understood that 1in some instances various aspects of the
embodiments may be shown exaggerated or enlarged to
facilitate an understanding of the embodiments. The draw-
ings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the teachings. In
the drawings, like reference characters generally refer to like
features, functionally similar and/or structurally similar ele-
ments throughout the various figures. Where the drawings
relate to microfabricated circuits, only one device and/or
circuit may be shown to simplity the drawings. In practice,
a large number of devices or circuits may be fabricated 1n
parallel across a large area of a substrate or entire substrate.
Additionally, a depicted device or circuit may be integrated
within a larger circuit and/or with other circuits on a
substrate.

When referring to the drawings in the following detailed
description, spatial references “top,” “bottom,” “upper,”
“lower,” “vertical,” “horizontal,” and the like may be used.
Such references are used for teaching purposes, and are not
intended as absolute references for embodied devices. An
embodied device may be orniented spatially 1n any suitable
manner that may be different from the orientations shown in
the drawings. The drawings are not mtended to limit the
scope of the present teachings 1n any way.

FIG. 1 depicts a sigma-delta modulator, according to
some embodiments;

FIG. 2 depicts a current digital-to-analog (IDAC) circuit,
according to some embodiments;

FIG. 3A illustrates a switching control for an IDAC,
according to some embodiments;

FIG. 3B 1llustrates voltage at a node SS, of an IDAC as
depicted 1n FIG. 2, according to some embodiments;

FIG. 3C 1llustrates voltage at a node SS of an IDAC as
depicted 1n FIG. 2, according to some embodiments;

FIG. 3D illustrates current spikes occurring in an IDAC,
according to some embodiments;

FIG. 4A and FIG. 4B depict a modified current digital-
to-analog (IDAC) circuit that compensates for associated
capacitances, according to some embodiments;
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FIG. § 1llustrates simulated signal-to-noise plus distortion
ratio for an IDAC that does not compensate for associated
capacitances, according to some embodiments; and

FIG. 6 1llustrates simulated signal-to-noise plus distortion
ratio for an IDAC that includes compensation for associated
capacitances, in accordance with the present embodiments.

Features and advantages of the illustrated embodiments
will become more apparent from the detailed description set
forth below when taken 1n conjunction with the drawings.

DETAILED DESCRIPTION

An example of a sigma-delta modulator 100, which may
be used 1n a sigma-delta converter, 1s depicted in FIG. 1. The
illustrated example 1s for 1nstructional purposes only, and 1s
not intended to limit the structure of sigma-delta modulators.
FIG. 1 depicts a first-order sigma-delta modulator, but the
invention 1s not limited to first-order modulators. Error
cancellation of the present embodiments may be used with
higher-order modulators, such as second and third-order
sigma-delta modulators.

A sigma-delta modulator may be included 1n a front end
of a sigma-delta converter, 1n some embodiments, and be
configured to recerve an analog signal at an mput 101 and
output a stream of digital pulses at an output 150. The
sigma-delta modulator may operate as a continuous-time
modulator, in some implementations. A first-order sigma-
delta modulator may comprise a summing node 110, and
integrator 120, a comparator 130, and a feedback loop
having a current digital-to-analog converter (IDAC) 140. A
portion of the output from the comparator i1s fed back
through the IDAC 140 and converted from a digital signal to
an analog signal at the IDAC 140. The analog signal from
the IDAC 1s provided to the summing node 110 and 1s
subtracted from the input signal. A pulse stream from the
comparator 130 may be provided to the output 150 and sent
to a counter (not shown). The counter may count the number
of pulses during a sampling time interval to determine a
digital signal level that corresponds to the sampled analog
signal level received at the mput 101.

Further details of an IDAC 140 are depicted in the IDAC
circuit 200 shown 1n FIG. 2, for example. According to some
embodiments, an IDAC 200 may comprise push and pull
current sources 210, 212 that are switched on and off to push
and pull current to and from first and second outputs OUTP,

OUTN. The switching of the current sources 210, 212 may
be done by transistors M1, M2, M3, and M4 which are
driven with a pulsed signal (e.g., from the comparator 130)
and 1ts mnverse applied to inputs EN, EN. The outputs OUTP,
OUTN may be applied as a differential pair to summing
node 110, or one output may be grounded and the other
applied to summing node 110. The current sources may be
essentially the same circuitry and configured to connect to
supplies V , which may be any suitable DC voltage supplies.

The inventor has recognized and appreciated that current
sources 210, 212 typically are of similar or same design and
may have associated resistances R, and capacitances C,,
which can be modeled as elements connected in parallel
with each source, as indicated in FIG. 2. The associated
resistances R, and capacitances C, may be parasitic, discrete
clements, or a combination of parasitic and discrete ele-
ments. Small voltage jumps can occur at summing junctions
in the IDAC and result in current spikes at the outputs of the
IDAC. Integration of the current spikes by an integrator 1n
the sigma-delta converter can then lead to conversion errors.
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In some cases, the current spikes contribute to noise and
inter-symbol interference, which can result in conversion
CITOrS.

FIG. 3A depicts an example of a pulsed signal that may
drive the IDAC circuit of FIG. 2, according to some embodi-
ments. For example, the signal EN of FIG. 3A may be
applied to the EN mputs of the IDAC circuit 200 and 1ts
inverse may be applied to the EN inputs of the IDAC. The
pulsed signal may be output from the comparator 130. The
rapid switching of the current sources 210, 212 results in
small voltage deviations AV (t), —AV(t), shown in FIG. 3B
and FIG. 3C, at nodes SS, and S§,, respectively. These
voltage jumps are opposite-going signals that can result
from charging and discharging of the associated capaci-
tances C, C,, by currents Al(t). The voltage jumps also result
in current spikes 310 on the IDAC’s outputs, of which an
example for OUTP 1s depicted in FIG. 3D. The current
spikes will be of opposite sign for OUTN. These current
spikes may be integrated by integrator 120 1n the sigma-
delta modulator, and result in small errors that are added to
the mtegrated analog signal. These errors can lead to analog-
to-digital conversion errors.

The mventor has recognized and appreciated that the
voltage jumps and current spikes can be eflectively canceled
in some 1mplementations by adding compensating capaci-
tors C', C,' 1n a compensated IDAC circuit 400, and driving
the compensating capacitors with currents of approximately
the same magnitude and opposite sign, as depicted 1n FIG.
4A. The compensating capacitors may have approximately a
same value as their counterparts (C'=C,, C '=C ). By
adding compensating capacitors and associated current driv-
ers, any current that would charge an associated capacitor 1s
essentially nulled by current supplied by the driver to the
compensating capacitor.

According to some embodiments, the values of the com-
pensating capacitors may be determined through circuit
simulations. For example, the circuit of FIG. 4A may be
modeled and solved for high-speed operation. For the com-
pensating capacitors, negative capacitance values may be
added and connected to ground. The simulations may sweep
the modulation frequencies for each negative capacitance
value tried, and high-frequency comers for output 1mped-
ances of the IDAC may be monitored. The negative capaci-
tance values may be altered to move the high-frequency
corners out to higher frequencies, and a corresponding
positive capacitance value selected for the negative com-
pensating capacitance that vyields the highest frequency
corner.

A driver circuit 500 for driving the compensating capaci-
tors C,, C, 1s depicted 1n FIG. 4B, according to some
embodiments. The driver circuit 500 may comprise a low-
gain, open loop amplifier 510 having differential outputs. In
some embodiments, the gaimn of amplifier 5310 may be
adjustable. The amplifier 510 may have an operating band-
width that 1s as great as or greater than the sampling
frequency of a sigma-delta converter 1n which the IDAC 400
1s incorporated. An mverting input 514 of the amplifier may
connect to a reference voltage V __ that 1s essentially equal
to an average output voltage of the IDAC. A non-inverting
input 512 of the amplifier may connect to switching circuitry
that alternately provides signal from one of the two outputs
OUTP, OUTN of the IDAC 400. The switching circuitry
may comprise transistors M5, M6, which may be driven by
the same two signals EN, EN that drive transistors M1, M2,
M3, and M4 of the IDAC 400.

In some implementations, V__ may be the common mode
signal input to the modulator 100 and may be obtained from
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the mput 101. The mput 101 may comprise a diflerential
input that receives two mput signals INp, INn (used 1n an
analog-to-digital conversion, for example). V_  may be
obtained with a summing and divide circuit that takes the
average of the two signals, (INp+INn)/2.

In some embodiments, an appropriate amount of current
may be provided to the compensating capacitors by a driver
circuit that applies voltages to the compensating capacitors
C,', C, that are proportional to the voltage jumps at nodes
SS,. SS,, but of opposite sign. For example, a voltage that is
approximately twice the magnitude of the voltage jump AV
at node SS, or S5, may be applied across the compensating
capacitors. .

The voltage jump AV may be detected at the
outputs OUTP, OUTN, according to some embodiments.

In some 1mplementations, the outputs from the amplifier
510 connect directly to the two compensating capacitors
C,.C,' (e.g., pins P1 connect together and pins P2 connect
together 1n FIG. 4A and FIG. 4B). In some embodiments,
there may be attenuators and/or phase shifters connected
between the amplifier’s outputs and the compensating
capacitors to adjust the signals fed back to the IDAC 400. In
some cases, the amplifier’s gain may be adjustable by
components internal to the amplifier 510. The gain of the
amplifier 510 may be between approximately 1.5 and
approximately 2.7, according to some embodiments. In
some embodiments, a bandwidth of the amplifier may be
between approximately 2 GHz and approximately 4 GHz.

Simulated spectra for sigma-delta modulators are shown
in FIG. 5§ and FIG. 6. In FIG. 5, simulations were carried out
for an IDAC 1n which the associated capacitance values
were taken to be 10 femtofarads. The input modulation
frequency was about 36 MHz and the over-sampling ratio
was 9. A sampling frequency for the modulator was about
2.9 GHz, and a loop bandwidth for the modulator was about
160 MHz. The simulated output power spectrum from the
IDAC 1s plotted over a range of frequencies between about
1 MHz and about 1 GHz (dark curve). Also plotted (light
dashed curve) 1s a power spectrum indicating a theoretical
amount of quantization noise for the sigma-delta modulator.
The calculated signal-to-noise plus distortion ratio 1s
approximately 72.6 dB.

FIG. 6 plots a simulated output power spectrum for a
similar IDAC that includes compensating capacitors C ', C)/
and a current-driving circuit 500. The noise power spectrum
reduces appreciably, as can be seen 1n comparison with FIG.
5. The calculated signal-to-noise plus distortion ratio
increases to approximately 80.4 dB, an improvement of
about 8 dB.

Although the above embodiments have been described 1n
connection with a sigma-delta modulator, compensating
capacitors may be used in a current digital-to-analog con-
verter used for other purposes. The compensating capacitors
may be connected to either side of the current sources 210,
212, and not only to the nodes shown 1n the drawings. The
sign or direction of the driving current or applied voltage
may reverse when connecting a compensating capacitor to
the other side of a current source. In some embodiments, the
compensating capacitors may be connected to the current
sources 210, 212, such that a same sign of current or voltage
may be used to drnive each capacitor. In that case, the
amplifier 510 may be a unipolar or single-sided output
amplifier.

A compensating capacitor and associated driver may also
be implemented in a unipolar IDAC. For example and
referring again to FIG. 4A, the second current source 212 1s
used to provide a bipolar output from the IDAC. In some
implementations, the second current source may be replaced
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with a reference node that 1s arranged to connect to a
reference potential, such as ground. Therefore, only a single

compensating capacitor C,' and associated unipolar driver
may be needed. Alternatively, the second current source 212
may be used and the first current source 210 may be replaced
with a reference node arranged to connect to a reference
potential for negative-going, unipolar outputs, and only a
single compensating capacitor C, ' may be needed. In other
words, an IDAC according to some embodiments may
comprise one or both of the first current source 210 and the
second current source 212, one or both of the first compen-
sating capacitor C,' and the second compensating capacitor
C.' and the driving circuitry 500 may be configured to
supply current to one or both of the first compensating
capacitor C,' and the second compensating capacitor C,'.

Methods for operating IDACs are also contemplated.
According to some embodiments, a method may comprise
acts of driving a first switch M1 connected between a {first
current source 210 and a first output OUTP with a first
signal, and driving a second switch M2 connected between
the first output and a second current source 212 with a
second signal. A method may also include amplifying a
signal from the first output when the first switch 1s driven to
connect the first current source and the first output, and
providing the amplified signal from the first output to a first
compensating capacitor C,' connected to the first current
source. A method of operating an IDAC may further include
acts of driving a third switch M3 connected between the first
current source and a second output OUTN with the second
signal, and driving a fourth switch M4 connected between
the second output and the second current source with the first
signal. In some aspects, a method may also include ampli-
tying a second signal from the second output when the
second switch 1s driven to connect the second current source
and the first output, and providing the amplified second
signal from the second output to the first compensating,
capacitor and to a second compensating capacitor connected
to the second current source. Additional and alternative acts
can be appreciated from the foregoing description taken 1n
conjunction with the drawings. For example, the acts may
differ accordingly when the second current source 1is
replaced with a reference node that 1s arranged to connect to
a reference potential, such as ground, and only a single
compensating capacitor C,' and associated driver 1s needed.
Alternatively, the acts may differ accordingly when the first
current source 210 1s replaced with a reference node
arranged to connect to a reference potential for negative-
going output, and only a single compensating capacitor C,'
1s needed.

CONCLUSION

The terms “approximately” and “about” may be used to
mean within £20% of a target dimension 1n some embodi-
ments, within £10% of a target dimension 1n some embodi-
ments, within £5% of a target dimension 1n some embodi-
ments, and yet within 2% of a target dimension 1n some
embodiments. The terms “approximately” and “about” may
include the target dimension.

The phrase “and/or,” as used 1n the specification and 1n the
claims, should be understood to mean ““either or both™ of the
clements so conjoined, 1.¢., elements that are conjunctively
present 1 some cases and disjunctively present in other
cases. Multiple elements listed with “and/or” should be
construed in the same fashion, 1.e., “one or more” of the
clements so conjoined. Other elements may optionally be

present other than the elements specifically identified by the




US 9,853,653 B2

9

“and/or” clause, whether related or unrelated to those ele-
ments specifically i1dentified. Thus, as a non-limiting
example, a reference to “A and/or B”, when used 1n con-
junction with open-ended language such as “comprising’”
can refer, 1n one embodiment, to A only (optionally includ-
ing clements other than B); 1n another embodiment, to B
only (optionally including elements other than A); in yet
another embodiment, to both A and B (optionally including
other elements).

The technology described herein may be embodied as a
method, of which at least some acts have been described.
The acts performed as part of the method may be ordered 1n
any suitable way. Accordingly, embodiments may be con-
structed 1n which acts are performed 1n an order different
than described, which may include performing some acts
simultaneously, even though described as sequential acts 1n
illustrative embodiments. Additionally, a method may
include more acts than those described, 1n some embodi-
ments, and fewer acts than those described 1n other embodi-
ments.

Having thus described at least one illustrative embodi-
ment of the invention, various alterations, modifications, and
improvements will readily occur to those skilled in the art.
Such alterations, modifications, and 1mprovements are
intended to be within the spirit and scope of the mvention.
Accordingly, the foregoing description 1s by way of example
only and 1s not intended as limiting. The invention 1s limited

only as defined 1n the following claims and the equivalents
thereto.

What 1s claimed 1s:

1. A current digital-to-analog converter (IDAC) compris-
ng:

a first current source arranged to provide current to a first
output and/or a second current source arranged to pull
current from the first output;

a first compensating capacitor connected to the first
current source and/or a second compensating capacitor
connected to the second current source; and

driving circuitry configured to supply current to the first
compensating capacitor and/or the second compensat-
ing capacitor.

2. The IDAC of claim 1, wherein the first compensating,
capacitor and the second compensating capacitor are
arranged to compensate for associated capacitances of the
first current source and the second current source.

3. The IDAC of claim 1, further comprising a first switch
and a second switch arranged to intermittently conduct
current to and from the first output.

4. The IDAC of claim 3, wherein the driving circuity 1s
configured to be switched to receive and amplity, with an
amplifier, a signal from the first output with a same signal
that controls the first switch.

5. The IDAC of claim 4, connected in a sigma-delta
modulator, wherein the sigma-delta modulator has a sam-
pling frequency and an operating bandwidth of the amplifier
1s approximately equal to or greater than the sampling
frequency.

6. The IDAC of claim 1, wherein the driving circuitry
comprises an amplifier having a gain between approximately
1.5 and approximately 2.7.

7. The IDAC of claim 6, wherein the amplifier comprises:

a first input connected to a reference voltage; and

a second 1put connected to switches that are arranged to
connect the second mnput to etther the first output of the

IDAC or a second output of the IDAC.
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8. The IDAC of claim 6, wherein the amplifier has an
operating bandwidth between approximately 2 GHz and
approximately 4 GHz.

9. The IDAC of claim 1, further comprising;:

a second output; and

a third switch and a fourth switch arranged to conduct

current intermittently to and from the second output.
10. The IDAC of claim 9, wherein the first switch and the

fourth switch are configured to be controlled by a same
signal, and the second switch and the third switch are
configured to be controlled by a same signal.

11. The IDAC of claim 9, wherein the driving circuitry
includes an amplifier that comprises:

a first mput connected to a reference voltage; and

a second 1nput connected to switches that are arranged to

connect the second mnput to either the first output of the
IDAC or the second output of the IDAC.

12. The IDAC of claim 11, wherein the second input of

the amplifier connects to a fifth switch that 1s configured to
be controlled by a same signal that controls the first switch
and the fourth switch, and wherein the second input of the
amplifier connects to a sixth switch that 1s configured to be
controlled by a same signal that controls the second switch
and the third switch.

13. The IDAC of claim 1, further comprising;:

a summing node connected to recerve the first output and

an input signal for conversion;

an 1ntegrator connected to receive an output from the

summing node; and

a comparator having an mput connected to receive an

output of the itegrator and an output connected to an
input of the IDAC.

14. A current digital-to-analog converter (IDAC) com-
prising:

a first current source arranged to provide current to or pull

current from a first output;

a first compensating capacitor connected to the first

current source;

a reference node arranged to connect the first output to a

reference potential; and

driving circuitry configured to supply current to the first

compensating capacitor.

15. The IDAC of claim 14, wherein the first compensating
capacitor 1s arranged to compensate for associated capaci-
tance of the first current source.

16. The IDAC of claim 14, further comprising:

a first switch located between the first current source and

the first output; and

a second switch located between the first output and the

reference node.

17. The IDAC of claim 16, wherein the driving circuity 1s
configured to be switched to receive and amplify, with an
amplifier, a signal from the first output with a same signal
that controls the first switch.

18. The IDAC of claim 17, connected 1n a sigma-delta
modulator, wherein the sigma-delta modulator has a sam-
pling frequency and an operating bandwidth of the amplifier
1s approximately equal to or greater than the sampling
frequency.

19. The IDAC of claim 14, wherein the driving circuitry
comprises an amplifier having a gain between approximately
1.5 and approximately 2.7.

20. The IDAC of claim 14, further comprising;:

a second output;

a third switch connected between the first current source

and the second output; and
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a fourth switch connected between the second output and
the reference node.
21. A method for converting a digital signal to an analog

signal, the method comprising:
driving a first switch connected between a first current

source and a first output;

amplifying a first signal from the first output when the first
switch 1s driven to connect the first current source and

the first output; and

providing the amplified first signal from the first output to
a first compensating capacitor connected to the first
current source.

22. The method of claim 21, further comprising:

driving a second switch connected between the first
output and a second current source with a second
signal; and

providing an inverse of the amplified first signal from the
first output to a second compensating capacitor con-

nected to the second current source.
23. The method of claim 22, further comprising:
driving a third switch connected between the first current
source and a second output with the second signal; and
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driving a fourth switch connected between the second
output and the second current source with the first

signal.
24. The method of claim 23, further comprising;

amplifying a second signal from the second output when
the second switch 1s driven to connect the second
current source and the first output; and

providing the amplified second signal from the second

output to the first compensating capacitor and an
inverse of the second signal to a second compensating,
capacitor connected to the second current source.

25. The method of claim 21, wherein the ampliiying
comprises amplifying the first signal with a gain between 1.5
and 2.7.

26. The method of claim 21, further comprising selecting,
a capacitance of the first compensating capacitor to be
essentially equal to an associated capacitance of the first
current source that 1s connected in parallel with the first
current source.

277. The method of claim 21, further comprising providing,
a signal from the first output to a summing node of a
sigma-delta modulator.

x s * = e
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